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TERMINAL MULTIPLEXER AND METHOD 
OF CONSTRUCTING THE TERMINAL 

MULTIPLEXER 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of US. application Ser. 
No. 08/884,137, ?led Jun. 27,1997, hereby incorporated by 
reference now US. Pat. 6,049,525. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a terminal multiplexer 
Which performs multiplexing and demultiplexing of digital 
signals betWeen a plurality of loW speed transmission lines 
and a high speed transmission line in a digital communica 
tion netWork and relates to a terminal multiplexer such as a 
channel rearrange equipment, for example ADM (Add Drop 
Multiplexer), having a cross connect function. 

2. Description of Related Art 
As a transmission system using a terminal multiplexer 

Which performs multiplex conversion of signals betWeen a 
plurality of loW speed transmission lines and a high speed 
transmission line, there is knoWn a system in Which line 
terminating equipments (hereinafter, referred to as “ TE”) 
are connected in a point-to-point manner, perform time 
division multiplexing of loW speed signals received from a 
plurality of loW speed transmission lines to send them as 
high speed signals onto a high speed transmission line, and 
perform demultiplexing of high speed signals received from 
the high speed transmission line into a plurality of loW speed 
signals to send the demultiplexed signals onto respective 
loW speed transmission lines, as shoWn in FIG. 13A. 
As a con?guration for realiZing automatic protection 

sWitching in a transmission system using such LTEs, there 
are knoWn 1: 1 con?guration and 1:n con?guration. In the 1:1 
con?guration, a set of tWo Working high speed transmission 
lines Which transmit signals in opposite directions to each 
other and a set of tWo protection (i.e., preparatory) high 
speed transmission lines Which transmit signals in opposite 
directions to each other are provided betWeen the LTEs at 
both ends. In the 1:n con?guration, betWeen the LTEs at both 
ends, there are provided a plurality of Working high speed 
transmission lines in sets of pairs, Which transmit signals in 
the opposite directions to each other, and a set of tWo 
protection high speed transmission lines Which are used in 
common With the plurality of high speed transmission lines 
and transmit signals in opposite directions to each other. 

In the present description, Working lines Will be repre 
sented by the symbol “W” (Working), and protection lines 
Will be represented by the symbol “P” (Protection), Further, 
as for terminal multiplexer connected betWeen tWo other 
terminal multiplexers, one side of the tWo other terminal 
multiplexers Will be described as “West” and the other side 
Will be described as “East”. 

NoW, in LTEs in 1:1 and 1:n con?gurations, When a 
problem arises in a Working high speed transmission line, 
automatic protection sWitching is performed so that the high 
speed transmission line used for transmitting signals is 
sWitched from the faulty one to a protection high speed 
transmission line. As a method for out this sWitching, the 
bi-directional sWitching method and the uni-directional 
sWitching method are knoWn. In the bi-directional sWitching 
method, as shoWn in FIG. 13B, both of the tWo high speed 
transmission lines in the faulty set are sWitched to two 
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2 
protection high speed transmission lines. In the uni 
directional sWitching method, as shoWn in FIG. 18C, only 
the faulty high speed transmission line is sWitched to a line 
having the same direction of transmitting signals as the 
faulty line out of the protection high speed transmission 
lines. 

Further, as a terminal multiplexer Which performs mul 
tiple conversion betWeen a plurality of loW speed transmis 
sion lines and a high speed transmission line, as shoWn in 
FIG. 14A, there is knoWn an ADM Which performs demul 
tiplexing of some high speed signals received from the high 
speed transmission line (West side) into a plurality of loW 
speed signals to send them onto the respective loW speed 
transmission lines, and performs time division multiplexing 
of the remaining high speed signals received from the high 
speed transmission line and loW speed signals received from 
the loW speed transmission lines to send the multiplexed 
signals onto the other high speed transmission line (East 
side), or performs similar operations in the reverse direction 
from the East side to the West side. 

As a con?guration of a transmission system using such an 
ADM, there are knoWn a linear con?guration in Which 
ADMs are located betWeen LTEs as shoWn in FIG. 14B, and 
a ring con?guration in Which a plurality of ADMs are 
connected in a ring shape With high speed transmission lines 
as shoWn in FIG. 14C. 

As the linear con?guration using ADMs, there are knoWn 
tWo con?gurations corresponding respectively to the above 
described 1:1 and 1:n con?gurations of LTEs. In the 1:1 
linear con?guration, as shoWn in FIG. 15A, on each of the 
West and East sides, there are provided a set of tWo Working 
high speed transmission lines for transmitting signals in 
opposite directions to each other and a set of tWo protection 
high speed transmission lines for transmitting signals in 
opposite directions to each other. In the 1:n linear 
con?guration, as shoWn in FIG. 15B, on each of the West 
and East sides, there are provided a plurality of Working high 
speed transmission lines in sets of tWo, transmitting signals 
in opposite directions to each other, and a set of tWo 
protection high speed transmission lines Which are used in 
common With the plurality of high speed transmission lines 
and transmit signals in opposite directions to each other. 
Here, at the time of the automatic protection sWitching of 
ADM in 1:1 and 1:n linear con?gurations, sWitching from 
the Working high speed transmission lines to the protection 
high speed transmission lines is performed on each of the 
West and East sides, similarly to the above-described 
sWitching in LTE in 1:1 and 1:n con?gurations. 
On the other hand, as the ring con?guration in Which 

ADMs are connected in a ring shape, there have been 
proposed a 2 ?ber con?guration in Which each pair of 
adjacent ADMs are connected With a set of tWo optical ?ber 
transmission lines transmitting signals in opposite directions 
to each other, and a 4 ?ber con?guration in Which each pair 
of adj acent ADMs are connected With tWo sets of tWo optical 
?ber transmission lines transmitting signals in opposite 
directions to each other. 

Further, as the 4 ?ber ring con?guration, there is knoWn 
4-Fiber BLSR (Bi-directional Line SWitched Ring) in 
Which, as shoWn in FIG. 16A, out of tWo sets of optical ?ber 
transmission lines connecting each pair of ADMs, one set is 
used as Working lines and the other set is used as protection 
lines. As the 2 ?ber ring con?guration as shoWn in FIG. 17A, 
there are knoWn 2-Fiber UPSR (Uni-directional Path 
SWitched Ring) and 2-Fiber BLSR. In 2-Fiber UPSR, optical 
?ber transmission lines transmitting signals in one rotational 
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direction are used as Working lines and optical ?ber trans 
mission lines transmitting signals in the other rotational 
direction are used as protection lines, and switching is 
performed for each path. In 2-Fiber BLSR, instead of setting 
a Working or protection line for each optical ?ber transmis 
sion line, some time slots on each optical ?ber transmission 
line are used as Working slots and the other time slots are 
used as protection slots. 

NoW, sWitching from Working lines to protection lines at 
the time of automatic protection sWitching in 4-Fiber BLSR 
is illustrated in FIGS. 16B and 16C. As shoWn, as the 
sWitching performed by ADMs adjacent to a faulty portion 
in 4-Fiber BLSR, there are tWo kinds of sWitching, i.e., (1) 
sWitching from a set of Working optical ?ber transmission 
lines on the side of the faulty portion to a set of protection 
optical ?ber transmission lines on the side of the faulty 
portion (FIG. 16B), and (2) turning back of signal ?oWs 
from a set of Working optical transmission lines on the 
opposite side to the faulty portion to a set of protection 
optical ?ber transmission lines on the opposite side to the 
faulty portion (FIG. 16C), the former being called Span 
SWitch, and the later Ring SWitch. 

FIG. 17B illustrates the sWitching from the Working time 
slots to the protection time slots at the time of automatic 
protection sWitching in 2-Fiber BLSR, and FIG, 17C illus 
trates the sWitching from the Working path to the protection 
path at the time of automatic protection sWitching in 2-Fiber 
UPSR. 

As shoWn, sWitching in 2-Fiber BLSR is performed in 
such a manner that ADMs adjacent to a fault portion turn 
back signal How in Working time slots of tWo optical ?ber 
transmission lines on the opposite side to the faulty portion 
into protection time slots of tWo optical ?ber transmission on 
the opposite side to the faulty portion. In FIG. 17B, in the 
case that time slots A—F of #1 optical ?ber transmission lines 
and time slots A—F of #2 optical ?ber transmission lines are 
used as Working time slots, and time slots G—L of #1 optical 
?ber transmission lines and time slots G—L of #2 optical 
?ber transmission lines are used as protection time slots, 
ADM A, B adjacent to the faulty portion turn back signal 
How in the time slots A—F of #1 optical ?ber transmission 
lines into the time slots G—F of #2 optical ?ber transmission 
lies, and turn back signal How in the time slots A—F of #2 
optical ?ber transmission lines into the time slots G—F of #1 
optical ?ber transmission lines. 

Further, sWitching of 2-Fiber UPSR is performed as 
shoWn in FIG. 17C. Namely, each ADM transmits signals to 
other ADMs, using both the Working optical ?ber transmis 
sion lines and protection optical ?ber transmission lines. In 
a normal condition, each ADM receives signals from other 
ADMs through Working optical ?ber transmission line and 
processes them, and When it can not receive from a particu 
lar ADM through the Working optical ?ber transmission line, 
it receives signals from that particular ADM through pro 
tection optical ?ber transmission line and processes them. 
As described above, functions required for a terminal 

multiplexer vary according to LTE used in the 1:1 
con?guration, LTE used in the 1:n con?guration, ADM used 
in the 1:1 linear con?guration, ADM used in the 1:n linear 
con?guration, ADM used in 4-Fiber BLSR, ADM used in 
2-Fiber BLSR, and ADM used in 2-Fiber UPSR. 
Accordingly, LTEs or ADMs have, conventionally, been 
made as dedicated equipments for each particular con?gu 
ration of transmission system. 

Sometimes, it is desired to change a con?guration of a 
transmission system, for example, in order to make the 
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4 
transmission system advance after the start of its operation. 
For example, it may be desired that, in order to increase 
transmission capacity, a transmission system using LTEs 
connected in 1:1 con?guration in a point-to-point manner is 
changed to a transmission stem using LTEs connected in 1:n 
con?guration in a point-to-point manner, that a transmission 
system using LTEs connected in 1:1 con?guration in a 
point-to-point manner is changed to 2-Fiber BLSR or 
4-Fiber BLSR, in accordance With increase in connected 
points. 

Conventionally, hoWever, each LTE or ADM is a dedi 
cated equipment for a transmission system before change, 
and therefore, When con?guration of such a transmission 
system is to be changed, LTEs or ADMs should be 
exchanged, so that the burden of introducing equipments is 
large at the time of changing the con?guration of a trans 
mission system. Further, When LTEs or ADMs are 
exchanged, a transmission system must be taken doWn once, 
and communication must be stopped. 
On the other hand, in accordance With recent increase in 

transmission capacity of a transmission system, a multiplex 
conversion equipment becomes of large scale. Accordingly, 
for example, it is, noW, dif?cult to construct a terminal 
multiplexer adapted for OC-192 optical carrier 192 using an 
optical ?ber transmission line With 10 G of transmission 
capacity as a high speed transmission line, in one rack. Here, 
a “track” is a case Which houses electronic boards consti 
tuting a terminal multiplexer, and is provided With printed 
circuits connecting betWeen electronic boards. A rack is 
limited in its siZe from the vieWpoint of handling require 
ments such as transportation and installation. Thus, When a 
terminal multiplexer can not be constructed With single rack 
but With a plurality of racks, signals should be sent and 
received among the racks. To send and receive signals 
among the racks, cables should be used instead of printed 
circuit on an electronic board. Accordingly, and for other 
reasons, there are some limitations in terms of number and 
speed of signals, differently from sending and receipt of 
signals Within a rack. Thus, for example, it is dif?cult to 
employ such a con?guration that, in LTE etc. of 1:n 
con?gurations, n Working high speed transmission lines and 
one protection high speed transmission line are connected to 
inputs of a single selector, and that selector sWitches the 
above-described Working and protection lines. 

SUMMARY OF THE INVENTION 

A ?rst object of the present invention is to provide a 
method of constructing a terminal multiplexer, by Which a 
con?guration of a transmission system can be changed by 
upgrading terminal multiplexers such as LTEs or ADMs 
used in a conventional transmission system. 
A second object of the present invention is to provide a 

terminal multiplexer having a con?guration suited for using 
a plurality of racks to construct a terminal multiplexer. 

To accomplish the above-described ?rst object, the 
present invention provides a method of constructing a ter 
minal multiplexer, comprises steps of providing a high speed 
transmission line interface unit responsible for signal input 
output interface With a set of sending and receiving high 
speed transmission lines; a loW speed transmission line 
interface unit responsible for signal input-output interface 
With a set of sending and receiving loW speed transmission 
lines; a multiplex converting unit for performing multiplex 
ing and demultiplexing betWeen high speed signals trans 
mitted on the high speed transmission lines and loW speed 
signals transmitted on the loW speed transmission lines; and 



US 6,219,336 B1 
5 

a switching unit for performing switching between the high 
speed signals transmitted on the high speed transmission 
lines and the loW speed signals transmitted on the loW speed 
transmission lines, Which has an interface for signals outside 
of the unit, Which is made common With an interface for 
signals outside of the multiplex converting unit; 

combining the high speed transmission line interface unit, 
and the multiplex converting unit, the loW speed trans 
mission line interface unit to construct a terminal 
multiplexer; and 

constructing a channel rearrange equipment by substitut 
ing the sWitching unit for the multiplex converting unit 
of the terminal multiplexer. 

According to such a construction method, a terminal 
multiplexer such as LTE can be upgraded to a channel 
rearrange equipment such as ADM, simply by substituting a 
sWitching unit for a terminal multiplexer. Thus, by such 
upgrading, the con?guration of a transmission system can be 
changed. 

Further, to accomplish the above-described second object, 
the present invention provides a terminal multiplexer for 
transmitting signals to an apparatus at each side to be 
connected to the terminal multiplexer, using, for example, n 
(n is an integer greater than or equal to 1) sets of Working 
high speed transmission lines and one set of sending and 
receiving protection high speed transmission lines, compris 
ing: 

n Working equipments, i.e. 1st to n-th Working equip 
ments and one protection equipment; Wherein each of 
the Working equipments comprises: a high speed trans 
mission line interface unit responsible for signal input 
output interface With a set of Working high speed 
transmission lines; 

a plurality of loW speed transmission line interface units 
responsible for signal input-output interface With a set 
of sending and receiving loW speed transmission lines; 

a multiplex converting unit Which performs demultiplex 
ing of high speed signals received by the high speed 
transmission line interface unit from the Working high 
speed transmission lines, to distribute the demulti 
plexed signals to respective the loW speed transmission 
line interface units as signals to be sent to the loW speed 
transmission lines, and performs multiplexing of loW 
speed signals received by the respective loW speed 
transmission line interface units from loW speed trans 
mission lines, to send the multiplexed signals to the 
high speed transmission line interface unit as high 
speed signals to be sent to the Working high speed 
transmission lines, and 

a ?rst forWarding unit connected to the multiplex con 
verting unit; 

the protection equipment comprising at least: 
a high speed transmission line interface unit respon 

sible for signal input-output interface With a set of 
protection high speed transmission lines; and 

a second forWarding unit connected to the high speed 
transmission line interface unit; 

the second forWarding unit of the protection equipment 
being connected to the ?rst forWarding unit of the ?rst 
Working equipment; 

the ?rst forWarding unit of the m-th (m is an integer 
varying from 1 to (n—1)) Working equipment being 
connected to the ?rst forWarding unit of the (m+1)-th 
Working equipment; and 

the ?rst forWarding units of the Working equipments and 
the second forWarding unit of the protection equipment 
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6 
forming a transmission system Which forWards high 
speed signals received by the high speed transmission 
line interface unit of the protection high speed trans 
mission lines from the protection high speed transmis 
sion lines, to a multiplex converting unit of any Work 
ing equipment successively, as high speed signals to be 
objects of demultiplexing in the multiplex converting 
unit in question instead of high speed signals received 
by the high speed transmission line interface unit, and 
forWarding (sending) high speed signals multiplexed 
by the multiplex converting unit of any Working equip 
ment to the high speed transmission line interface unit 
of the protection equipment as high speed signals to be 
sent from the protection high speed transmission lines. 

According to a terminal multiplexer constructed as such a 
terminal multiplexer, by forWarding high speed signals 
Which should be sent to or received from protection high 
speed transmission lines, successively betWeen forWarding 
units of the Working equipments and protection equipment, 
it is possible to extend the protection high speed transmis 
sion lines as substitutes of a faulty Working high speed 
transmission line up to a multiplex converting unit of a 
Working equipment connected to the faulty Working high 
speed transmission line. Thus, capacity corresponding to the 
transmission capacity of the protection high speed transmis 
sion line is sufficient as the capacity of signal line needed for 
connection betWeen the Working equipments and the pro 
tection equipment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vieW shoWing construction of a rack used for 
a terminal multiplexer; 

FIG. 2A is a block diagram shoWing construction of LTE 
in 1:1 con?guration; 

FIG. 2B is a vieW shoWing a state in Which units of the 
LTE of FIG. 2A are mounted in a rack; 

FIG. 3A is a block diagram shoWing construction of ADM 
applied for 2-Fiber UPSR/BLSR; 

FIG. 3B is a vieW shoWing a state in Which units of the 
ADM of FIG. 3A are mounted in a rack; 

FIG. 4A is a block diagram shoWing construction of an 
LTE in 1:n con?guration; 

FIG. 4B is a vieW shoWing a state in Which units of the 
LTE of FIG. 4A are mounted in racks; 

FIG. 5A is a block diagram shoWing another construction 
of an LTE in 1:n con?guration; 

FIG. 5B is a vieW shoWing a state in Which units of the 
LTE of FIG. 5A are mounted in racks; 

FIG. 6A is a block diagram shoWing construction of an 
ADM applied for 4-Fiber BLSR; 

FIG. 6B is a vieW shoWing a state in Which units of the 
ADM of FIG. 6A are mounted in racks; 

FIG. 7 is a block diagram shoWing construction of an 
ADM in 1:1 linear con?guration; 

FIG. 8 is a block diagram shoWing construction of an 
ADM in 1:n linear con?guration; 

FIG. 9A is a block diagram shoWing construction of an 
SELH unit; 

FIG. 9B is a block diagram shoWing construction of an 

SELH(P) unit; 
FIG. 10 is a schematic vieW shoWing construction of a 

circuit Which performs sWitching of time slots using 
memory; 

Fig. 11 is a schematic vieW shoWing construction of a 
delay circuit; 












